Left ventricles from rat hearts were perfused through the coronary blood vessels for periods up to 90 minutes with solution containing radioactively labeled sulfate, sucrose, urea, glycerol, or chloride. Urea and glycerol equilibrate with all of tissue water. By contrast, 35 SO 4 and sucrose-14 C equilibrate very rapidly with 40% of total water and slowly with an additional 20%; they are excluded from 40% of the tissue water. The two "cellular" compartments (C 2 , which equilibrates slowly with SO 4 and sucrose, and C 3 , from which SO 4 and sucrose are excluded) both lose water when hearts are perfused with a solution made hypertonic with NaCl. Chemical analyses for K, Na, and Cl, and measurements of the rate of equilibration of 36
C equilibrate very rapidly with 40% of total water and slowly with an additional 20%; they are excluded from 40% of the tissue water. The two "cellular" compartments (C 2 , which equilibrates slowly with SO 4 and sucrose, and C 3 , from which SO 4 and sucrose are excluded) both lose water when hearts are perfused with a solution made hypertonic with NaCl. Chemical analyses for K, Na, and Cl, and measurements of the rate of equilibration of 36 C1 show that C 2 has low contents of Cl and Na. Experiments in which extracellular NaCl was replaced osmole for osmole by KCl according to the method of Boyle and Conway suggest that the boundaries of C 2 and C 3 may have different ionic permeabilities. These observations indicate that the division of mammalian heart muscle into tissue compartments is more complex than conventionally assumed, a conclusion reached by Bozler for frog heart muscle. They are inconsistent with the usual assumption that cardiac cellular water is homogeneous.
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• To define the driving forces for the movement of ions in heart muscle it is necessary to know the number of tissue compartments, their relationship to one another, and the contents of water and ions in each compartment (1) . This information has usually been sought by the conventional method of dividing the tissue into cellular and extracellular compartments. The method involves three assumptions: (1) that the molecular species used as extracellular tracers are excluded from the cellular compartment and equilibrate by diffusion with all of the water in the extracellular space; (2) that the ionic concentrations in the compartment which equilibrates with the extracellular tracer are identical with those in the solution used for incubation or perfusion of the tissue specimen; and (3) that within each compartment ions and water are uniformly distributed in all of the compartmental water. The present paper is an experimental evaluation of these assumptions. Previous studies on isolated cat heart muscle incubated in vitro suggested that the conventional two-compartment model describes this tisue inadequately (2, 3) . We now report on further studies using preparations of left ventricles from rat hearts perfused through the coronary circulation. Our results suggest that in this tissue the cellular compartment can be further divided into at least two subcompartments by the distribution of sulfate or sucrose and of urea or glycerol. Sulfate and sucrose equil i brate with about one-third of the normal cellular water content; the other two-thirds apparently excludes sulfate or sucrose but equilibrates rapidly with urea or glycerol. Both cellular subcom-436 PAGE, PAGE partments normally contain little Na or Cl, and both lose water in solutions made hypertonic with NaCl. Experiments based on the method of Boyle and Conway (4) are consistent with the interpretation that the two cellular subcompartments may differ in their permeability to univalent ions.
The results of this work confirm for mammalian heart muscle certain conclusions previously reached by Bozler (5) with respect to amphibian skeletal and heart muscle. They further show that these conclusions have significant implications for the conventional assumptions about the composition of the intracellular medium.
Methods
The experiments were done on immature female Sprague Dawley rats weighing 200 to 250 g. The animals were injected with heparin at least one-half hour before the experiments and subsequently anesthetized with intraperitoneal pentobarbital (35 to 40 mg/kg body weight). The hearts were rapidly excised and suspended on a Langendorff cannula. They were then perfused through the coronary circulation with solutions of the desired composition for variable periods of time. The fluid input to the heart could be selected from one of two reservoirs by means of a stopcock arrangement. After passing through the heart, the perfusate was not recirculated to obviate the necessity of filtering out particulate matter washed out of the heart. The perfusion pressure and the temperature of the perfusate were kept constant at 60 mm Hg and 22 to 24°C, respectively. All hearts were first perfused for 15 minutes in a physiologic solution to establish a steady state with respect to cellular ionic composition. After this period of preequilibration, the perfusate was changed to one containing radioactive tracer and having either the same or a different chemical composition. At the end of the perfusion, the heart was removed from the cannula, and the left ventricle was quickly dissected as described by Keen (6) and by Krames and Van Liere (7). The isolated left ventricle was divided into halves. The wet weight of each half was obtained by weighing the samples on an analytical balance (Mettler Model H16) in previously tared Vycor crucibles with lids. After weighing, one sample was dried overnight in an oven at 100°C and reweighed. This sample was sometimes ashed at 500°C in a muffle furnace (Lindberg Model 59344) for subsequent determination of its Na and K content. The second half of the heart was not dried. Instead, the wet muscle was placed in a tightly closed 100-ml polyethylene bottle and extracted for 48 hours with 10 ml of redistilled, 0.1 N nitric acid. Aliquots of the extract were analyzed for Na, K, and Cl, and for their content of radioactive tracer. To avoid the variation of water content which results from this procedure hearts were not blotted before weighing. Since the tissue samples were relatively large, their surface-volume ratio was small; the error introduced by fluid adhering to the surface was therefore small.
During perfusion with isotonic solutions containing a physiologic external K concentration, hearts were allowed to contract spontaneously at rates of 80 to 120/minute. Only hearts judged to contract satisfactorily throughout the experiment were subjected to chemical analysis. The heart rate and the rate of coronary perfusion were recorded at intervals throughout the experiment. Muscles were utilized for perfusion with anisotonic or high K solutions only if contractions and flow were normal during the preperfusion with control solution.
ANALYSES
K and Na were determined with a flame photometer (Instrumentation Laboratories Model 143, modified by the manufacturer to render negligible the interference of high K concentrations with the Na signal at low Na concentration; that this interference is negligible was confirmed experimentally). Values of the left ventricular K and Na contents were measured both on ash redissolved after incineration of the dried hah0 of the heart in a muffle furnace and on the nitric acid extract of the other (undried) half of the heart. For the alkali metal elements the results of analyses from the dried and undried samples were not significantly different. The water content of the undried hal f of the heart used for extractions with HNO 3 was calculated from the water content of the other (dried) half.
Cl was measured coulometrically (8) 
SOLUTIONS
The control solution was a physiologic saline medium buffered to pH 7.2 with tris maleate and acetylglycinate 2 (9, 10) . Its composition (in mmoles/liter) is K 5.93, Na 153.4, Cl 162.1, Ca 1.4, Mg 0.56, tris maleate 2, acetylglycinate 2, the final solution being brought to the desired pH by the addition of 4 ml of 1 N NaOH per liter of perfusion medium. 100% oxygen saturated with water was bubbled through the reservoir containing this solution. Glucose was not added. For certain experiments the osmolality of the control solution was increased by raising the concentration of NaCl. In other experiments, radioactive SO 4 , sucrose, urea, or glycerol was added to the medium. 3 For these experiments the chemical concentration of each substance was 1 MM or less, a value too small to alter the total external osmolality significantly.
All inorganic salts were of analytical reagent grade and were dissolved in water 2 Acetylglycinate and tris maleate were obtained from the Sigma Chemical Company. 3 All radioactive compounds were from the New England Nuclear Corporation.
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prepared by deionizing and redistilling the distilled water produced by the hospital.
Results are reported as mean ± standard error of the mean (SEM). Statistics for series of fewer than 30 experiments are evaluated with Student's £-test.
Results

PHYSIOLOGICAL STEADY STATE
For a comparison of the ionic composition under control conditions with that under experimentally varied conditions, it is desirable that the ion and water contents of the controls be approximately constant. To assure that all hearts subsequently assayed for their ion contents had recovered from the effects of dissecting the tissue, all experiments were preceded by a 15-minute period of preperfusion in the control solution. Thereafter, the preparations were perfused with an experimental solution for periods of 4 to 90 minutes. Figure  1 shows the ion contents of hearts perfused in the control solution for variable periods. The figure suggests that small changes in the ion contents occur as a function of time: a small decrease in the K content and small increases in the Kcontent of Na and Cl. increase of s scatter in the data these changes are not statistically significant (P > 0.05). A large experimental series in which the tris maleate, N-acetylglycine buffer was replaced by a CO 2 -bicarbonate buffer (pH 7.3) (11) gave similar values for tissue ion contents. The results shown in Figure 1 were considered sufficiently time-invariant to justify the approximation of a steady state with respect to ionic content under control conditions. In Table 1 the ionic contents of a large number of hearts preperfused for 15 minutes (expressed as mmoles/ kg dry weight) have been calculated on the assumption of a constant ion content during the 90-minute experimental period.
The water content of hearts preperfused for 15 minutes as described above increases during the subsequent 90 minutes of perfusion. Left ventricular ion contents in the steady state.
-22) and 81.9 ±0.2 (n = 19). The difference is highly significant (P < 0.01).
SULFATE SPACE
At the start of these experiments sulfate ion and sucrose were chosen for determining the extracellular space in heart muscle on the basis of the following experimental observations:
(1) the partial ionic conductance of sulfate ion is small in various heart muscle preparations (12); (2) SO4 behaves like a relatively nonpermeant species with respect to its effect on the resting potential (12) (13) (14) ; (3) when K 0 SO 4 is substituted, osmole for osmole, for NaCl, the cells of cat heart muscle do not swell as they do when KC1 is similarly substituted for NaCl (2); (4) the time course of extracellular diffusion of SO 4 and sucrose through a sheet of right ventricle from the cat heart is characteristic of substances which do not enter cardiac cells (3); (5) extracellular sucrose behaves like a nonpermeant species with respect to its osmotic effects on cardiac cell volume (15).
Contrary to our expectations, the time courses of the 35 SO uptake and the sucrose uptake by the perfused rat heart were complex. Figure 2 shows the uptake of 35 SO 4 as a function of time of perfusion with the control solution. It is apparent that 36 to 41% of the total muscle water has equilibrated within 4 minutes after the start of perfusion with 35 SO. The increase in the SO-space after perfusion for an additional 4 minutes is very small, suggesting that the tissue compartment which is rapidly penetrated by SO has equilibrated completely within 4 minutes. (Periods of equilibration of less than 4 minutes could not be accurately estimated because of delays in mixing within the dead space of the apparatus used for perfusion.) Figure 2 shows that a second fraction of tissue water equilibrates slowly in the interval between 4 and 70 minutes after start of perfusion with 
Sulfate space of left ventricles as a function of the duration of perfusion with S5 S-labeled SO r
space remains constant; about 40% of the total water content of the muscle fails to equilibrate with SO 4 . Perfusions up to 120 minutes showed no further increase in SO 4 space. However, when the duration of perfusion exceeds 90 minutes, the K content of the ventricle decreases sharply; the tissue is therefore in a nonsteady state with respect to its ion content. The resultant change in ion content does not appear to affect the SO 4 space. The second phase of slow uptake by the perfused hearts suggested the possibility that this ion was entering into a second extracellular compartment or into the cell itself. The uptake of 35 SO4 was usually measured at a low chemical concentration (6 /U,M ) of SO 4 in order to avoid a significant reduction of ionized Ca which forms poorly dissociated salts with SO 4 . Because of the low concentration of SO4 used, it was necessary to rule out two mechanisms which might simulate these physiologically significant events: first, an adsorption of small tracer amounts of SO 4 at the cell surface or at some extracellular site; second, a cellular uptake of SO4 in tracer amounts for incorporation into cellular constituents, for example, into cellular mucopolysaccharides. If the SO 4 concentration is raised to much higher values, both of these effects (as observed with expected to be greatly reduced or to disappear. In seven experiments the SO 4 concentration of the perfusate was therefore raised from 6 /AM to 100 /AM. Figure 2 shows that the increase in SO 4 concentration does not change the uptake of 35 SO 4 at 60 and 90 minutes. These experiments suggest that SO 4 is not being adsorbed at saturable surface sites or incorporated to a significant degree into cellular constituents. The results are inconsistent with transport of SO4 into cells by a carrier mechanism, unless such a mechanism remains unsaturated at a SO 4 concentration of 100 /AM.
SUCROSE SPACE
In spite of the observation that the uptake of 35 SO 4 is independent of the SO 4 concentration between 6 /AM and 100 /AM of SO4, it remained possible that the time course shown in Figure 2 reflects a phenomenon specific for this ion or for negatively charged solutes. The uptake of SO 4 was therefore compared with that of sucrose. Sucrose has previously been shown to be excluded from cardiac cells by several criteria (2, 3, 15) . Since it is uncharged, sucrose would neither distribute itself passively according to the membrane potential nor participate in Donnan distributions at, or adsorption to, the cell surface; moreover, this molecule is not transported via a carrier mechanism. For these reasons, if sucrose uptake resembles that of SO 4 , the uptake of both SO 4 and sucrose must be explained by other mechanisms. Sucrose has a molecular radius of about 4.5 A (16), the corresponding value for the hydrated SO 4 ion being 3.79 A (17) . Figure 3 shows the uptake of 14 C-labeled sucrose. The figure shows that a large fraction of total cardiac water equilibrates rapidly, that a smaller fraction equilibrates slowly between 5 and 60 minutes after start of the perfusion with labeled sucrose, and that about 40% of the total water does not equilibrate with sucrose even after 60 to 90 minutes of perfusion.
EQUILIBRATION OF UREA AND GLYCEROL
The studies of Page and Bernstein (3) on cat right ventricular muscle indicated that the time course of diffusion of urea and 
Equilibration of glycerol with left ventricular water as a function of the duration of perfusion with H slabeled glycerol.
glycerol in the extracellular compartment of heart muscle is characteristic of that for molecular species which enter cells. It was therefore of interest to determine to what extent and at what rate these two substances penetrate that fraction of total water which does not equilibrate with sulfate or sucrose. Figures 4 and 5 present uptakes of urea and glycerol by the perfused rat's left ventricle. The graphs show that both urea and glycerol equilibrate rapidly with all of tissue water: glycerol penetrates almost all of the muscle water within 4 minutes, and urea within 15 minutes. At long times the equilibrium spaces for both substances are somewhat greater than 100% of total water; this observation is consistent with the fact that glycerol may participate in cellular metabolic reactions and that urea may bind to proteins and their subunits.
BEHAVIOR OF CELLULAR SUBCOMPARTMENTS IN ANISO-OSMOLAL SOLUTIONS
If the two compartments which are, respectively, slowly permeable and impermeable to SO4 are enclosed by barriers or membranes capable of sustaining an osmotic gradient, the water contents of these two compartments might be expected to change when the osmolality of the perfusing solution is varied. Figure 6 shows the uptake of 35 by hearts perfused with a solution made hypertonic by adding NaCl to the control solution. Table 2 presents the total ventricular water content and the water content of the compartment which has not equilibrated with sulfate; the table gives data for the two periods which end 4 minutes and 90 minutes, respectively, after the end of the 15-minute preperfusion. After 4 minutes in hypertonic solution, both the total water content and the content of water in the compartment which has not yet equilibrated with SO decrease significantly. The decrease in the water content of the compartment which has not equilibrated with SO 4 after a 4-minute perfusion suggests that water is being osmotically drawn out of this compartment. The decrease in the water content of the compartment which is SO 4 -impermeable after 90 minutes similarly suggests that this second cellular compartment is also responding to the osmotic gradient by a net loss of water. The uptake of S5 
S-labeled SOi from hypertonic solutions after 4 minutes and 90 minutes of exposure to a solution made hypertonic by adding NaCl (60 mmoles/liter) to the isotonic (control) solution. Solid circles = values in hypertonic solution; open circles = mean ± SE for SO, spaces in isotonic solution.
IONIC COMPOSITION OF THE TISSUE COMPARTMENT WHICH EQUILIBRATES SLOWLY WITH S04 AND SUCROSE
The existence of a tissue compartment which equilibrates slowly with SO 4 and sucrose raises the question: Is this compartment an extension of the tissue interspaces or is it a part of the cell? One of the approaches to this problem is to determine whether the ionic composition of the compartment is consistent with that of an extracellular solution; that is, whether the compartment contains high concentrations of Na and Cl and a low concentration of K. To answer this question we assumed that the fraction of tissue water with which SO4 and sucrose equilibrate after 90 minutes (the 90-minute SO 4 and sucrose space) has the same ionic composition as the perfusing solution; in other words, that both the rapidly equilibrating and slowly equilibrating compartments contain a solution having an ionic composition characteristic of an extracellular solution. The ion contents of the composite "extracellular space" so calculated could then be compared with the total contents of Na, Cl, and K in the tissue sample, as determined by chemical analysis.
The results of this calculation were unequivocal: the calculated contents of Na and Cl in the composite extracellular compartment were always significantly greater (P < 0.01) than the total content of Na and Cl in the sample of tissue. Such a result would imply negative intracellular concentrations of Na and Cl, a physical impossibility. The calculation therefore shows that the compartment which equilibrates slowly with SO 4 and sucrose cannot have the high concentrations of Na and Cl characteristic of the perfusing solution and of the tissue interspaces. More reasonable values for intracellular concentrations of Na and K were obtained on the assumption that 
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the extracellular compartment is given by the 4-minute SO 4 space; that is, that the extracellular space is confined to the fraction of tissue water which equilibrates rapidly with these molecules. Table 1 summarizes the values of intracellular concentrations obtained in this way.
The conclusion that all but a small fraction of the Cl in the ventricle is present within a rapidly equilibrating extracellular region which corresponds to the 4-minute SO 4 space leads to two predictions: (1) that most of the Cl in the muscle should be readily exchangeable within 4 minutes, and (2) that the 36 C1 space after 4 minutes of perfusion with a solution labeled with 36 C1 should be equal to or slightly larger than the 4-minute SO4 space. These predictions were confirmed in seven experiments during which hearts were perfused for 4 minutes with control solution labeled with 36 C1. The 36 C1 space at the end of the perfusion was 45 ± 1% of total tissue water, corresponding to an exchange of 95 ± 1% of the total Cl in the muscle.
IONIC PERMEABILITY OF CELLULAR SUBCOMPARTMENTS
A classical method of determining whether cardiac cells are permeable by K and Cl is to determine whether they swell when extracellular NaCl is replaced on a mole-for-mole basis by KCl (4, 18) . Similarly, it should be possible to obtain information about the permeability to K and Cl of the two cellular subcompartments (the sucrose-and SO 4 -impermeable compartment and the compartment which equilibrates slowly with sucrose and SO 4 ) by observing whether the water contents of these compartments increase when KCl is substituted for NaCl in the perfusing solution.
A technical difficulty in carrying out this experiment is that unknown factors appear to restrict the expansion of cardiac cells from their volume in isotonic solution when such cells are placed in a hypotonic medium (15) or in an iso-osmolal medium in which KCl is substituted for NaCl (18) . By contrast, reduction and expansion in cell volume are readily brought about by varying the extracellular tonicity between isotonic and hypertonic values. It was therefore decided to test the effect of replacing NaCl with KCl in the external medium after preperfusing the heart with a reference solution made hypertonic by the addition of 60 mmoles/liter of NaCl to the isotonic control medium; the cell volume would thus tend to expand from its shrunken state in the hypertonic preperfusion medium to an approximately normal volume in the KCl-substituted medium (60 mM KCl substituted for 60 mM NaCl in the hypertonic reference solution). Table 3 compares the water contents of the ventricle as a whole and of the SO-impermeable compartment in two groups of muscles, one perfused for 90 minutes with the hypertonic reference medium, the other for 90 minutes with an iso-osmolal medium in which KCl was substituted for NaCl. The table indicates that iso-osmolal replacement of extracellular NaCl by KCl produces a highly significant increase in the water content of the muscle as a whole (P<0.01). The increase in total water content is associated with an increase in total ion content (Na + K + Cl) from 1553 moles/kg dry weight in the hypertonic reference solution to 1741 in the KCl-substituted solution. The content of Cl increases sharply, even though the external Cl concentration remains constant. The net uptake of K, Cl, and water in this medium suggests that KC1, as well as its osmotic equivalent of water, has been taken up by the "cell" as predicted from the work of Boyle and Conway (4) and of Page and Solomon (18) .
In spite of the swelling of the muscle as a whole, the water content of the SO4-impermeable compartment does not increase, but it appears to diminish slightly (Table 3 ). This observation suggests that the ionic permeability of the SO4-impermeable subcompartment may differ from that of the SO4 permeable subcompartment.
Discussion
For convenience in discussion, the tissue compartment which equilibrates rapidly (within 4 minutes) with SO4 and sucrose will be referred to as compartment 1 (Ci); that which equilibrates slowly with SO4 and sucrose as compartment 2 (C 2 ); and that which is apparently not penetrated by SO 4 and sucrose as compartment 3 (C 3 ).
The partial compartmental analysis based on the experiments in this work has extended results which are consistent with observations made in other contexts by previous workers. For example, a comparison of the sucrose, inulin, and chloride spaces in the perfused rat heart led Taylor, et al. (19) to the conclusion that the sucrose space sometimes exceeds the chloride space in this tissue. The data of Fisher and Young (20) suggest that in this preparation the raffinose space continues to increase with time during the first 30 minutes of perfusion. Recently Bozler (5), working with frog skeletal and cardiac muscle incubated in vitro for many hours, observed that sucrose penetrates a large fraction of muscle water in these tissues; he concluded that this carbohydrate molecule equilibrates with a part of the water in the cells. In the perfused rabbit heart, Johnson and Simonds (21) found that the sucrose space exceeds the extracellular space observable in fixed sections of this tissue.
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The present findings show that the water of heart muscle is divisible into at least three fractions-Ci, C 2 , and C3. The tissue compartments to which these fractions correspond are of interest from four points of view: (1) the relationship of the compartments to one another; (2) their ionic composition and permeability to ions; (3) their identity; (4) their physiological significance.
The time course of the sucrose and SO4 uptakes does not allow a distinction between a compartmental arrangement in which Ci, C 2 , and C 3 are in series and one in which C 2 and C 3 are in parallel with Ci. The observation that both C 2 and C 3 shrink in hypertonic solution is consistent with the hypothesis that both compartments are surrounded by membranes. The fact that the water content of C 3 equilibrates with urea and glycerol indicates that C does not contain a large fraction of nonsolvent water (water which does not act as a solvent for small solutes). One explanation is that the membrane through which molecules entering C must pass is passively permeable to small, relatively uncharged molecules like glycerol and urea, but excludes larger species like SO and sucrose because of their size, or highly charged species like SO because of their negative charge.
The results of Tables 1 and 3 suggest that Ci has the ionic composition of extracellular solution, while C and C have low contents of Cl and Na. While the K concentration of Ci may be approximated by that of the perfusing solution, the partition of K between C and C cannot be estimated by the methods of this paper.
The central problem raised by the observations in this paper is that of identifying Ci, C, and C with structures known to be present in mammalian left ventricular muscle. C t equilibrates rapidly and contains a solution with high concentrations of Na and Cl. This compartment therefore includes the interspaces between cells as well as the volumes of the coronary blood vessels and lymphatics. Since the lumina of the transverse tubules in cardiac muscle are continuous with the tissue interspaces (22) (23) (24) (25) , the fluid within the trans-verse tubular system is presumably part of Ci. The fact that the fractional equilibration could not be estimated accurately at perfusion times shorter than 4 minutes may well have prevented the resolution of the initial SO4 influx into an early, rapid (interstitial and vascular) component and a later, slow (transverse tubular) component. The possibility of such a resolution is suggested by the results of Page and Bernstein (3) in cat heart muscle.
C o accounts for about 20% of total water, contains little Cl and Na, and is slowly permeable by SO4 and sucrose. Its ionic composition is compatible with that of a cellular subcompartment. The water in C2 may correspond to the cytoplasm, the intra-mitochondrial water, the water within the tubules of the sarcoplasmic reticulum, or the water content of a cell type different from the myocardial cells. 20% of total water would seem to be a rather low value for the cytoplasmic water content; it is, however, consistent with the fraction of cardiac ventricular tissue made up of mitochondria, about 20% of the dry weight of the tissue. There is, as yet, no direct evidence that solutes like SO 4 and sucrose can enter mitochondria without passing through the cytoplasm, although Chance (26) and Gordon, Nordenbrand, and Ernster (27) have inferred the possibility of such a pathway on the basis of indirect evidence. Like C2, mitochondria from mammalian heart muscle respond to an osmotic gradient by a net movement of water (28, 29) . It has been suggested that the water of cardiac mitochondria may itself be divided into subcompartments (29) , but the experimental methods on which this conclusion was based have recently been challenged (30) .
A third possibility is that C2 represents a volume within one of the tubular systems of the cardiac cell. Costantin and Podolsky (31) have interpreted experiments in frog skeletal muscle as evidence for an internal membrane system with a selective permeability to ions different from that of the plasma membrane. In order to identify C 2 with the sarcotubular system of heart muscle, sucrose and sulfate would have to enter this system by a pathway from the extracellular space. With the exception of one report (32), such pathways have not, to date, been seen in electron micrographs.
A fourth possibility is that C 2 represents a cell type differing from the dominant myocardial cells in being permeable by SO 4 and sucrose. The left ventricular preparation used here contains unmyelinated nerves, cells of the cardiac conduction tissue, and capillaries of the coronary vascular and lymphatic systems. There is, however, no evidence either that cardiac nerves or Purkinje cells are permeable to sulfate or sucrose, or that these and other nonmyocardial cells represent a sufficiently large fraction of the heart to account for 20% of its water content. In this connection, the recently discovered system of membranelimited structures containing inclusions which run longitudinally through mammalian heart muscle cells (33) merits consideration. If these widely distributed structures represent an interpenetration of cardiac cells by unmyelinated nerve, conduction tissue, or other cell types, their permeability to sucrose and SO 4 might contribute to inhomogeneities of cellular water content.
The interpretation of the identity of C 3 depends on what is assumed about the identity of C 2 . If C 2 is identified as mitochondria, as sarcoplasmic reticulum, or as a special cell type, C 3 might represent the cytoplasmic solution. Whatever the identity of C 3 , this compartment loses water when the hearts are perfused with a solution in which KC1 is iso-osmotically substituted for NaCl.
The results of this paper bear on the question of the ionic distributions between cellular subcompartments in heart muscle. From the recent work in skeletal muscle (5, 31, 34, 35) , it is now clear that for skeletal muscle the classical two-compartment model of striated muscle, in which the tissue is divided into cellular and extracellular solutions, is no longer tenable; that there are significant inhomogeneities in cellular ionic composition; and that ion movements across intracellular membrane systems are highly significant for excitationcontraction coupling and for the intracellular spread of contraction and relaxation. The present results suggest that ionic distributions between cellular subcompartments in heart muscle differ from the classical two-compartment model no less than in skeletal muscle. The implications of these observations for cardiac cellular function remain to be explored by other methods.
